Travel cost models are regularly used to determine the value of recreational sites or particular site characteristics, yet a key site attribute, congestion, is often excluded from such analyses. One of several reasons is that congestion (unlike many other site attributes) is determined in equilibrium by the process of individuals sorting across sites, and thus presents significant endogeneity problems. This paper illustrates this source of endogeneity, describes how previous research has dealt with it by way of stated preference techniques, and describes an instrumental variables approach to address it in a revealed preference context. We demonstrate that failing to address the endogeneity of congestion will likely lead to the understatement of its costs, and possibly to the mistaken recovery of agglomeration benefits. We apply our technique to the valuation of a large recreational fishing site in Wisconsin (Lake Winnebago) which, if eliminated, would induce significant re-sorting of anglers amongst remaining sites. In our application, ignoring congestion leads to an understatement of the lake's value by more than 50 percent.
Introduction
Random utility models (RUMs) of recreation demand exploit the information in the trade-offs individuals make between travel time and site attributes in order to value the latter. The same models can be used to value bundles of attributes (i.e., entire sites).
Consider the case of recreational fishing. Applications typically include data on site attributes such as expected fish catch, urban and industrial development, water quality, and amenities like paved boat ramps and fishing piers. The RUM has become a staple of the legal and policy communities because it provides a convenient tool for attaching values to non-marketed commodities (e.g., water quality) that might be the subject of litigation or environmental policy debates, or for determining the cost to anglers if a fishing site were to be lost to pollution.
One important attribute that is conspicuously absent from nearly every such study This paper addresses congestion empirically using revealed preference techniques. It does so by relying on a previously unexploited source of variation in the data -the isolation of alternative sites in exogenous attribute space. Without exploiting this source of variation, controlling for congestion is a difficult task. Variables describing the equilibrium behavior of other individuals in the site-choice problem are typically endogenous. Without properly accounting for that source of endogeneity, there is a natural tendency to understate the cost of congestion and to even mistakenly recover estimates of benefits from larger crowds (i.e., agglomeration effects). In this paper, we describe the source of this endogeneity, cast it as a simple instrumental variables problem in a familiar regression context, and demonstrate how it can be solved in an application to Wisconsin recreational fishing. We then use our estimates to demonstrate how ignoring congestion can lead to significant biases in measuring the value of a large site.
After a brief review of the literature on the role of congestion in travel cost models in Section 2, we describe our model of site selection with congestion in Section 3.
In Section 4, we describe the data set we use in an application of our technique. In Section 5 we discuss an econometric complication that arises when we model different congestion effects depending upon whether they occur on a weekday versus a weekend. Section 6 reports model estimates. Section 7 illustrates the role of congestion in a site valuation exercise, and Section 8 shows how it impacts the benefits of a fish stocking program. Section 9 concludes.
Previous Literature
That congestion costs could be an important determinant of behavior in models of site selection has long been recognized. We categorize papers on the topic into three groups -one theoretical and two that are primarily empirical. The set of theoretical papers describe important issues that will motivate our modeling exercise. Anderson and Bonsor (1974) is one of the first to discuss the implications of congestion for measuring willingness to pay, while Fisher and Krutilla (1972) notes that optimal management of a recreation site requires a charge that incorporates both marginal congestion and environmental costs. Cesario (1980) introduces the primary issue we address in our empirical application -that one cannot recover unbiased estimates of the value of a recreation site without accounting for equilibrium re-sorting. The removal of a recreational site adversely affects the welfare of users of other sites as displaced recreators re-sort across the remaining sites. Conversely, there is a tendency to understate the value of new site construction if congestion costs are ignored. In a more recent paper, Jakus and Shaw (1997) discuss ways to measure congestion, emphasizing the value individuals expect at the time they make their site decision rather than, for example, an ex post realization of congestion. A similar point is made by Schuhmann and Schwabe (2004) , who also highlight the timing of congestion costs. This could entail, for example, differentiating between the expected number of other recreators on a weekday versus a weekend visit. Michael and Rieling (1997) discuss the role of heterogeneous preferences for congestion in inducing recreators to sort over days of the week.
Empirical work on congestion in site valuation can generally be divided into studies based on stated versus revealed preference data. Cichetti and Smith (1973) measure the effect of "wilderness encounters" (i.e., congestion in the hiking context) on stated willingness to pay with an application to the Spanish Peaks Primitive Area in Montana. McConnell (1977) employs stated preference techniques to estimate the role of congestion in the demand for beach recreation and uses the results to characterize net surplus maximizing projects. Boxall, Rollins, and Englin (2003) similarly use a stated preference model to value congestion in four separate components of a back-country canoeing trip, emphasizing that the estimate of distaste for congestion may be very different depending upon the specific activity under consideration.
In this paper, we adopt a revealed preference approach to measuring the costs of congestion. Consider briefly, however, how stated preference data solve the endogeneity problems associated with congestion. Congestion is determined by the optimizing decisions of recreators; measuring it falls into the general class of problems associated with endogenous sorting models. [Bayer and Timmins (2005a) ] In such models, congestion is likely to be correlated with unobservables that also drive the behavior of the decision-maker in question, making it an endogenous attribute. Stated preference models avoid this problem by hypothetically varying congestion while holding constant the unobservables that drive sorting behavior. The downsides of this solution are (i) that stated preference models value hypothetical changes about which respondents may not reveal their true preferences, and (ii) respondents may not actually be able to "hold all else constant" when hypothetically varying the congestion variable -i.e., stated (dis)taste for congestion may reflect preferences for or against unobserved attributes typically associated with congestion.
There have been few attempts to value congestion with revealed preference data. Boxall, Hauer, and Adomowicz (2001) conduct such an analysis, using fitted values of anticipated congestion from a first-stage estimation procedure to control for the endogeneity of that variable in the utility function. That procedure is based on survey data describing anticipated congestion (i.e., asking retrospectively what the recreator anticipated at the time the trip was planned), observed site attributes, and a number of recreator characteristics -all combined in an ordered logit model to predict the level of anticipated congestion. The effect of anticipated congestion on utility is then identified by interactions between recreator characteristics (e.g., wilderness recreation experience) and site attributes that are effectively introduced by the ordered logit functional form, 2 but which are not allowed to enter directly into the utility specification. In many contexts (such as the one we study here), justifying such an exclusion restriction proves difficult.
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Our paper describes instead an instrumental variables strategy based on the structure of the "game" played between recreators. That strategy depends only on having rich data describing recreation site attributes.
In addition to the role of congestion in models of site selection, this paper also touches on a number of other literatures. Our application to the recreational fishing behavior of Wisconsin anglers builds upon a long line of research using random utility 2 Consider the logit probability expression as it is used in a RUM. Utility may be a linear function of two variables, X and Y, without any interactions The logit probability of observing any particular choice will, however, be a non-linear function of X and Y that includes interactions between these variables. The same idea applies to the ordered logit used by Boxall et al (2001) . 3 I.e., the question being whether preferences for site attributes should not be allowed to vary with recreator characteristics while the relationship between anticipated congestion and observed site attributes should be models and travel costs to value site attributes. Bockstael et al (1989) provides one of the earliest published applications of the RUM to recreation demand in their valuation of catch improvements for Florida sportfishing. Subsequent research has considered the sensitivity of the random utility model to a number of data handling and modeling decisions such as the definition of sites, the definition of the choice set, and the assumed error structure. During the last decade researchers have relaxed some of the strict assumptions on the error structure. Nested logit specifications, which allow for correlations among the unobservables for groups of alternatives, and random parameters specifications, which allow individual preferences for site characteristics to be heterogeneous, have become the norm. Murdock (2002 Murdock ( , 2006 incorporates the random parameters logit into a specification that introduces unobserved site attributes into a travel cost analysis of Wisconsin recreational fishing. We make use of the same data here.
Finally, for reasons that will be made clear in Section 5, applying our empirical strategy will require the use of instrumental variables techniques adapted to estimation in a quantile regression framework. Recent work has produced a number of approaches to this problem. [Hong, MaCurdy, and Timmins (2005) , Chernozhukov and Hansen (2001) , Imbens and Newey (2003) , Ma and Koenker (2003) ] The method proposed by Hong, MaCurdy, and Timmins (2005) proves to be particularly well-suited to our application.
Model
Our model of congestion in a RUM framework is akin to describing a Nash bargaining model in which individuals make choices given their expectations about the allowed to vary with those characteristics. There may be applications in which there are recreator characteristics that naturally satisfy this restriction. decisions that will be made by other individuals. In equilibrium, those expectations are confirmed by other individuals' actual behavior. We therefore begin with the decision of an individual angler i. The angler simultaneously chooses a site (s = 1, 2, …, S) and a time period (t = weekday, weekend). The combination of sites and time periods leads to a total of j = 1, 2, …, J alternatives where J = 2xS. For the sake of simplicity, we model each fishing trip as an independent event, ignoring the fact that we see the same angler make multiple trips over the course of the summer. We do not model the choice of how many fishing trips are taken by an individual angler, nor the angler's participation decision more generally (i.e., whether to fish at all or to pursue some outside recreation alternative). While these complications could be incorporated into the framework outlined below, they are not the focus of the current paper and are, therefore, omitted.
The utility obtained from choosing site-period combination j: 
Integrating over the distribution of angler attributes, F(Z i ), we can predict the share of anglers who will end up choosing each site in each period:
It is a straightforward application of Brower's fixed point theorem to show that there exists a vector of σ j 's that satisfy the contraction mapping implied by (5). Whether the equilibrium is unique or not is a more complicated question that depends upon the degree of effective variation in the observed choice attributes. 6 Proving uniqueness in the case of agglomeration effects is difficult, and depends upon the idiosyncratic features of the data. In the case of congestion effects, however, one can show that the equilibrium is generically unique. Bayer and Timmins (2005b) demonstrates this and other features of this class of equilibrium models.
Estimation
While important for counterfactual simulations, uniqueness is not necessary to estimate the parameters of equation (1) by maximum likelihood. 7 [Bayer and Timmins (2005a) ] In particular, we can write the likelihood of observing a vector of site choices:
where N represents the set of all anglers' trips, and Y ij equals 1 if angler i chooses j ( = 0 otherwise). Maximizing equation (6) Specifically, one might worry about the potential endogeneity of the share of other anglers choosing a particular site in a particular time period. As will be shown below, this is an important concern, but one that is avoided at this stage of the estimation 7 This is important, because we do not know a priori whether preferences exhibit congestion or agglomeration effects, and we require an estimation technique that is valid under both. 8 Given the large number of potential alternatives from which individuals can choose (1138 in the current application), recovering the full set of δ j 's by searching over the likelihood function can be computationally prohibitive. We therefore employ the contraction mapping technique outlined by Berry (1994) and used in Berry, Levinsohn, and Pakes (1995) . The idea of this technique is to choose values for ) , , , ( θ φ γ δ , and then find the vector of δ j 's that make the predicted share of individuals choosing each alternative exactly equal the actual share. This is easily done by way of a contraction mapping. As the likelihood problem. In particular, it will likely be the case that σ j will be correlated with unobservable site attributes, ξ j .
Because we control for these attributes nonparametrically with δ j at this stage of the procedure, however, this correlation is not a concern. Rather, it becomes an issue when we turn to decomposing the estimates of δ j in order to learn about the determinants of baseline utility.
Consider this decomposition problem:
This is simply a linear estimation problem with ξ j serving as the regression error.
Equilibrium sorting, however, implies a mechanical correlation between σ j and ξ j ,
Locations with desirable unobservable attributes will attract more visitors and will have higher baseline utility. Without additional information, the model is unable to tell these two forces apart and will tend to overstate the value of σ j . There is a natural tendency in estimating (7) by OLS to recover an upward biased estimate of α, and to therefore either understate the costs of congestion or even find benefits from agglomeration.
While not presented in this exact framework, the fundamental difficulty faced by all papers seeking to estimate congestion costs is the same. Consider how the previous literature on site-choice has dealt with this problem. In Section 2, we broke the literature down into two groups of papers -those that rely on stated preference versus those that use revealed preference evidence. variables (which arise implicitly from the ordered logit functional form used to predict anticipated congestion) and the assumption that such interactions do not directly enter utility that the α parameter in equation (7) is identified.
9
An Instrumental Variables Approach
In response to this identification problem, we propose an instrumental variables estimator for equation (7). A valid instrument in this case would be some variable that is correlated with σ j , uncorrelated with ξ j , and that can reasonably be excluded as a determinant of δ j . We propose such an instrument based on the underlying equilibrium model of sorting across alternatives. In particular, combinations of the exogenous attributes of alternatives other than j can provide valid instruments for the share of procedure repeatedly updates the corresponding vector of δ j 's.
anglers choosing j. Intuitively, this is because anglers look across available alternatives for the combination of site attributes that will maximize utility. Having a great many alternatives with desirable attributes will, for example, reduce the share of anglers making a particular choice j, ceteris paribus. In the decomposition of δ j , however, the attributes of alternatives other than j can logically be excluded -equation (7) is a structural equation that describes a component of the utility function. There is no reason why the attributes of choices other than j should enter into the expression for the utility derived from choosing j, except in the way they impact the share of other anglers also choosing j. Finally, in order to constitute valid instruments, the attributes of choices other than j must be uncorrelated with ξ j . Given that we assume that X j is uncorrelated with ξ j (i.e., the standard assumption in any kind of hedonic exercise), it is not difficult to further assume that X -j is also uncorrelated with ξ j .
Bayer and Timmins (2005a) suggests a particular function of the exogenous attributes of the entire choice set as an instrument for σ j in equation (7). In particular, it argues for using the predicted share of anglers choosing j based only on exogenous attributes of all possible choices:
10 If one were concerned that individuals had sorted geographically in response to ξ j (e.g., retirees choosing to settle close to the best fishing sites), travel cost would be endogenous and should then be excluded from the formation of the instrument at this stage. If this is not a concern, however, including travel cost has the potential to greatly increase the instruments' power.
If exogenous attributes are important determinants of site choice (relative to endogenously determined congestion effects), this instrument will have good power. As sites become similar in exogenous dimensions, the instrument will become increasingly weak.
The obvious problem with using the instrument described in (8) (6) and (7) while simply ignoring the endogeneity of σ j in the latter equation. With these estimates, the instruments in (8) are calculated and used in an IV estimation of equation (7) 
Data
This section describes the data on angler characteristics, travel cost, and fishing site characteristics that we use in our application. Murdock (2002) provides additional details about the data and data collection process.
The 1998 Wisconsin Fishing and Outdoor Recreation (WFOR) survey is our primary source of data. A random digit dial telephone survey recruited anglers willing to complete a fishing diary each month for June through September. Of the anglers completing the telephone interview, 81.0 percent agreed to participate in the diary portion of the survey. This paper focuses on the 512 anglers that reported taking a single day fishing trip. A comparison between all anglers contacted during the telephone survey and the final sample reveals that they are very similar. These anglers report 3581 single day fishing trips (1750 weekend and 1831 weekday) that are used for estimation.
The WFOR survey provides sampling weights that describe the number of anglers in the general population represented by each of the respondents. These weights are used in the following estimations and counterfactual simulations.
Fishing sites are defined using the water body name and quadrangle.
11 Figure 1 shows Our data also describe a variety of site amenities, including access to boat launches (both paved and unpaved), parking lots, picnic areas, docks, fishing piers, camp sites, and restrooms. Many of these attributes are highly correlated with one another in the sample, making it impossible to include all of them in our estimation. Table 2 describes a number of the most important correlations. While there are relatively high correlations between many site amenities, correlations are low between the expected catches of many fish species.
Practical Issues in Estimation
The estimation procedure, as described in Section 3, uses the non-zero share of anglers choosing to visit each site in each period in the recovery of the vector of alternative-specific fixed effects, δ j . These fixed effects play a very important role in the estimation, as they allow for the inclusion of alternative-specific unobservable attributes, ξ j . Given the limited number of site attributes described in the data, including such unobservables is critically important. 13 By virtue of the way in which the data were collected, we are assured of seeing non-zero shares for all sites across the combined weekday and weekend periods. This is not the case, however, when we consider either period by itself. Table 3 shows how the share of trips is spread over the 569 sites when considering only weekday or weekend trips. In total, 21.6 percent of all sites are not visited on a weekend, while 33.0 percent are not visited on a weekday. This poses a practical problem for the recovery of period-specific baseline utilities -the data tell us only that these are unattractive choices (i.e., so unattractive as to not induce a single visitor in the sample). The data give no indication, however, of exactly how unattractive these sites are.
12 Motor trolling involves trailing a lure or bait from a moving vessel (motor boat or sail boat). 13 See Murdock (2006) for evidence on the biases introduced by ignoring unobserved site attributes.
We address this problem by first introducing a numerical "patch" that allows the contraction mapping described in Section 3 to function properly. This simply amounts to adding a small increment (e.g., ψ = 10 -3 ) to the total number of visits to each site in each period before calculating shares. This means that no shares will equal zero, although some will be very small. For very small values of ψ, the effect of this patch is seen entirely in the recovered values for δ j for those sites with actual shares equal to zero. In particular, the smaller the value of ψ that is chosen, the more negative the values of δ j become for those sites. Because very small values of ψ have virtually no effect on the relative odds of any two choices with positive numbers of visitors, however, the impact on the remaining values of δ j is negligible. 14 In the Appendix, Figure A1 shows the estimated distribution of δ j under the assumption that ψ = (10 -3 , 10 -6 , 10 -9 , 10 -12 ). A series of bi-modal distributions emerges. The lower mode reflects values of δ j determined by the assumption about ψ. For smaller values, that mode shifts further to the left. Key to our strategy, the upper portion of the distribution (i.e., that based on visited sites) does not change with alternative assumptions about ψ. In Figure A1 , all four distributions overlap perfectly over this range.
We require a second-stage estimator that is robust to the fact that the values of δ j for unvisited sites are arbitrarily negative. Quantile estimation is flexible in that it does not depend upon the specific values in the lower tail of the δ j distribution. As long as a majority of sites have positive numbers of visitors, the median regression is well-suited to this purpose.
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Adapting the median regression to deal with endogenous regressors is not as simple as in the case of mean regression. It has, however, been the focus of recent work in econometric theory. [Hong, MaCurdy and Timmins (2005) 
This relation implies the condition:
where 1(•) represents the indicator function which takes value 1 when the condition expressed in parentheses is true, and 0 otherwise. The indicator function inside the moment condition is neither continuous nor differentiable. To incorporate this moment condition into the standard framework of nonlinear method of moments estimation, Hong, MaCurdy, and Timmins (2005) propose using the modified smooth version of this condition:
where N represents the sample size (1138) 
forming a valid set of moment conditions. Standard errors are those reported by the GMM estimation procedure in any statistical package.
Estimation Results
Our estimation results are reported in two stages, reflecting the two-part estimation procedure described above. Table 4 reports estimates of the first-stage (i.e., maximum likelihood) parameter estimates, describing how preferences for certain components of X j , σ j , and TC ij vary with angler attributes (e.g., presence of children in household and boat ownership). Given the flexibility introduced by the second stage of the estimation procedure (in particular, the inclusion of the unobserved attribute ξ j ), we do not attempt to estimate all possible first-stage interactions. Particularly important is the interaction between boat ownership and our proxy for variables we might expect to be important to boat owners. As a proxy for these factors, we use an indicator for a paved boat launch at the site, which is highly correlated with there being no restrictions on distributional assumptions. motor trolling and there being multiple launches and a parking lot. The interaction between this indicator and boat ownership is positive and significant. Sites designated as wildlife areas and managed forests are (insignificantly) more attractive to boat owners, while urban sites, small lakes and rivers are (significantly) less attractive. Anglers with children in the household under the age of 14 derive more utility from site amenities (proxied for by the presence of restrooms) and from higher rates of panfish catch.
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Relative to non-boat owners, boat owners are less negatively affected by congestion, possibly because they are not constrained to fish from a crowded shoreline. Finally, note that travel cost enters negatively and is very precisely estimated. We will use the disutility of travel cost to convert changes in utility associated with the elimination of a large site into comparable units in the following section. Table 5 reports estimates from our second-stage IV median regression decomposition of δ j . The most important parameter for our purposes is the utility effect of expected share (i.e., congestion), which is negative and significant. 18 Other second stage parameter estimates generally have the expected sign. Expected catch variables play an important role in determining the utility derived from a site. Of the non-catch attributes, paved boat ramps, an urban designation, and the presence of restrooms are all significant and enter positively into utility. Being a small lake, conversely, is negative and significant.
One might be concerned that the disutility of fishing near other anglers is greater on small lakes where activity is more concentrated. We test for this effect by including an interaction between SHARE and a dummy variable indicating that the site is a lake with surface area less than 50 acres. Parameter estimates change very little, and the interaction, while negative, enters utility insignificantly.
The Role of "IV" in Our IV Quantile Estimation
In order to demonstrate the value of the IV strategy, Table 6 reports estimates from a similar set of second-stage regressions that ignore the endogeneity of σ j .
Estimates reflect a significant baseline preference for increased congestion (i.e., the expected direction of bias, and extreme enough to produce an agglomeration effect).
This has important implications for site valuation, 19 but also leads to biases in the marginal values we place on specific site attributes. For example, the marginal utility of restrooms falls from 0.446 to -0.048, while the marginal disutility of a small lake drops from -1.301 to -0.251.
The Role of "Quantile" in Our IV Quantile Estimation
To illustrate the advantage of quantile over least squares estimation in this application, we report results using ordinary least squares. Table A1 reports estimates of the second-stage utility parameters for different values of the "patch" described in the previous section under a two-stage least squares estimation procedure. While the results are identical (and, hence, not separately reported) under the IV quantile approach for each value of ψ, we find that parameter estimates associated with various site attributes (including congestion) vary dramatically with ψ under 2SLS estimation. Importantly, congestion enters with a positive sign, even after instrumenting. This is a result of two features of the model: (i) unvisited sites offer very low expected congestion, and (ii) their baseline utility becomes increasingly negative with smaller and smaller values of ψ.
Treating these artificially low values of δ j as "real" data in the 2SLS procedure makes it seem that congestion is desirable, even when instruments are employed.
Valuing a Large Site
We now examine the role of congestion costs in valuing a large site. We focus on large sites, because the exercise of removing such a site from the choice set will involve significant re-sorting of anglers among the remaining sites. The welfare effects of that re-sorting need to be accounted for in the value ascribed to the site. Ignoring them has the potential to lead to a serious downward bias. A good candidate for such an exercise is Lake Winnebago -one of Wisconsin's premier sites for fishing and other water activities.
Next to Lake Michigan, it is Wisconsin's largest inland lake with over 135,000 acres of surface area and is known for good walleye and perch fishing.
The procedure for valuing Lake Winnebago proceeds as follows. We begin by determining each angler's expected utility under the status quo in each period. In doing so, we first employ the contraction mapping defined in Section 3 to solve for the equilibrium vector of shares under the status quo (
19 In the extreme, the elimination of a popular site could possibly be deemed welfare-improving.
A "hat" over a parameter refers to an estimated value recovered in the previous section.
By construction, this replicates the shares of anglers choosing each alternative observed in the data. 20 Based on these shares, we can calculate each angler's expected utility according to the familiar log-sum rule:
This welfare measure weights the utility the individual would get from each choice by the probability that he or she chooses it.
Next, we eliminate the sites associated with Lake Winnebago from the choice set (on both weekdays and weekends) and re-calculate the equilibrium share of trips to each of the remaining alternatives according to (12) In order to demonstrate the role of congestion effects in valuing a large site like Lake Winnebago, we next perform the same exercise but use parameter estimates derived 20 Recall that the inclusion of the δ j 's ensures that the predicted share of anglers choosing each site will exactly equal the actual share. 21 Eight of the quadrangles that divide Lake Winnebago are visited meaning that eliminating Lake Winnebago removes more than one site. 22 Note that, because we do not model the participation decision, we do not allow anglers to opt out of taking a fishing trip at this stage. This will have the effect of biasing upward our estimate of the total cost of eliminating Lake Winnebago. 23 We use the monetized value of the change in expected utility instead of a compensating variation in income to measure welfare, as the latter would require simulating actual choices of many anglers both before and after the elimination of Lake Winnebago (i.e., taking draws from the logit distribution for each angler for each alternative, and determining which alternative yields the highest utility). In order to achieve numerical precision, this requires a large number of simulations. By using expected utility, every angler from a model that ignores the role of congestion in utility. Tables 7 and 8 report Without any role for congestion costs, there is no need to calculate the new equilibrium distribution of anglers without Lake Winnebago in the choice set -the welfare measure expressed in equations (14) and (15) requires only that we know the attributes of the remaining sites. Using those equations, we calculate a comparable set of monetized foregone expected utilities. In line with our intuition, the costs of eliminating Lake Winnebago from the choice set are smaller in the model that ignores congestion costs. The average welfare loss per trip falls from $1.83 with congestion to 86¢ without it. The total seasonal costs or eliminating Lake Winnebago fall from $7.5 million to $3.5 million. Ignoring the role of congestion costs yields an estimate of the value of Lake Winnebago that is less than 50% of its value when congestion costs are included.
We conclude by examining how welfare costs, both with and without congestion, are distributed across anglers depending upon their initial site choice. For anglers originally choosing Lake Winnebago, welfare loss per trip from eliminating Lake Winnebago rises from $7.35 to $9.66 (31%) when congestion costs are added. Most of this loss results from these anglers having to accept their second-best alternative. For anglers at the sites that receive the additional traffic because of re-sorting, however, the contributes a positive (although possibly very small) probability of choosing every alternative. This probability has a closed-form representation, mitigating the computational cost.
percentage of the loss attributable to congestion rises. Average cost per trip for anglers who had originally not chosen Lake Winnebago rises from 40¢ without congestion costs to $1.27 when they are added (217.5%). These anglers make up the vast majority in the calculation of the overall welfare effect, implying that congestion costs play an important role.
Valuing a Fish Stocking Program
Congestion effects can play an important role as well in the valuation of a site improvement. In particular, an improvement that encourages more visitors will be less valuable for the users of the improved site if congestion effects are important. If the improvement pulls users away from other congested sites, however, the inclusion of congestion effects may result in an even bigger equilibrium value.
We demonstrate this idea by simulating the effect of a policy that raises the expected catch of northern pike on Lake Winnebago to be equal to the average expected catch across all sites in the choice set (prior to the policy, expected catch on Lake
Winnebago was approximately half of the mean). We then calculate equilibrium welfare effects in the same manner as in the previous section.
Ignoring congestion effects, anglers who had previously chosen Lake Winnebago benefit from the policy by 65.3¢ per trip. Increasing the expected catch of northern pike, however, raises the expected share of anglers fishing Lake Winnebago. Including congestion effects, the benefit per trip falls to 54.3¢. Because of the increased number of anglers choosing Lake Winnebago, there is an additional impact of the policy -reduced congestion at other sites. Anglers who did not originally fish Lake Winnebago receive an expected benefit of 4.8¢ per trip if congestion effects are ignored. That benefit rises to 6.2¢ when we include congestion effects. Because there are so many more anglers who do not fish Lake Winnebago in the status quo, the overall expected benefit of the fish stocking program is actually bigger when we include congestion effects -i.e., $388 thousand versus $362 thousand when congestion effects are ignored.
Conclusions and Caveats
Congestion is an important site attribute in models of recreation demand, but it is typically ignored, particularly in the revealed preference context. This is because properly controlling for congestion costs requires solving a difficult endogeneity problem. While stated preference models offer a potential solution based on answers to hypothetical questions, revealed preference approaches require a valid set of instruments.
Implementing such an instrumental variables approach, we find evidence of significant congestion effects in Wisconsin recreational fishing. Failing to properly account for their endogeneity leads one to incorrectly recover agglomeration benefits and to mis-measure the value of other site attributes. This has practical implications for policy-makers. For example, we find that the value of a large site will be substantially understated (e.g., by more than one-half in the case of Lake Winnebago) if congestion costs are ignored.
Congestion costs can also play an important role in valuing site improvements, although the direction of their impact is less obvious. These results highlight the need for further work on the equilibrium valuation of policy in travel cost models. 
